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, Abstract. Presented are recent results of two-photon interactions. Topics inlcude photon structure 

■ functions, inclusive hadron production, differential cross sections derived from tagged yy fusion 

CS| ' events and results in exclusive hadron production, particularly the observations of the r|'.. 

^ ■ Two-photon interactions provide a unique opportunity to study a large variety of 

CN ! physics topics. In electron positron machines two photons are emitted producing the 

^ \ photon-photon interaction. One can use this process to examine the structure and inter- 

^ ■ action of the photon. Two-photon data allow for a large number of tests of perturbative 

. QCD and the exploration of non-perturbative phenomena in the light meson sector. 

^ ■ 

o ; 

g PHOTON STRUCTURE FUNCTION 
m ■ 

O \ Two photon interactions are instrumental to extract the hadronic structure function of 

X ' the photon, which is related to the quark densities in the photon. It is measured in single 

^ ■ tagged events, which means that one of the photons is real, and the other has a large 

Qh! momentum transfer much larger than Aqcd- This process can be viewed as deep inelastic 

^ I electron e-y scattering, where a quasi real photon is probed by a virtual photon with high 

^ ■ Q2. The differential cross section fJ{x, Q^) is related to the hadronic structure function: 

■>< : ^ = [(1 + 1 -yf)''i(',Q') -y-Fl(^m'^ with X ~ , = ^cos^^. 

^ ! The longitudinal term can usually be neglected since y^ is small. The LEP2 data has 

■ ■ ■ ' considerably extended the reach towards small x. The present level of precision starts 
to challenge current structure function parameterizations. The newest result comes from 
ALEPH in the range of 17.3 and 67.2 GeV^ 



HEAVY QUARK PRODUCTION 

Heavy quark production, provides important tests of perturbative QCD as well as prob- 
ing the partonic densities in the photon. Recent results include a D* measurement of 
ALEPH [2] and a muon semileptonic measurement by DELPHI [3J. ALEPH shows 
that besides W, also the transverse momentum and the differential cross section in p^ 
and r| are in good agreement with NLO QCD. DELPHI added a preliminary third mea- 
sured point of the total bottom cross section, which agrees well with results from OPAL 
and L3. The large quark mass should allow good accuracy in perturbative calculations. 



However the current status of NLO QCD underestimates the cross sections by about a 
factor of 3. This discrepancy cannot be tuned away by changing the b-quark mass. 



INCLUSIVE MESON PRODUCTION 

L3 has complemented their earlier result in inclusive TT*^ production with an inclusive 
charged pion and kaon production measurement [4], using the LEP2 data in the region 
of Wyy <5 GeV and <8GeV^, see Figure [T^). There is a good agreement between data 
and NLO QCD below a pj- of 3 GeV, but above about 5 GeV the data clearly surpass 
the expectation similar to the excess previously observed in the 'nP and Ks spectra. In 
the inclusive single jet production the data is compared to a NLO QCD calculation |5], 
which agrees well with many inclusive observables for the older OPAL data. However 
for the L3 data, see figure [TJ5), which go to a higher pr, there is again a clear deviation 
observed [6]. 



EXCLUSIVE HADRON PAIR PRODUCTION 

For small photon virtualities, large s and large momentum transfer from the photons 
to the hadrons, treating the hh system in leading twist perturbation theory, the 
transition amplitude factorizes into a hard scattering amplitude yy + ^ single 

hadron distribution for each hadron [7]. The hand bag model adds a soft 2-hadron 
distribution amplitude in what is basically a power correction. 

Untagged yy^ mz^KK, Baryon-Antibaryon 

The handbag model predicts the ratio ^^^^ =1 while the leading twist calcula- 
tion would predict a ratio of 2. Aleph, Delphi |9], and with higher statistics, but still 
preliminary, BELLE [10] have measured these decays and find indeed that the ratio is 
around 1 over the full W range. The handbag model also predicts a l/sm^(Q) behavior 
for the differential cross section, which agrees well with the data. 

Comparing predictions made in the framework of the hard scattering approach |0] 
with the yy Baryon-Antibaryon cross section one is sensitive to the quark structure 
of the baryon. Reasonable agreement with the quark-diquark model [13] is found by the 
L3, OPAL, CLEO and BELLE [11] experiments in the pp, AA and EE final states, see 
figures although the BELLE data starts to challenge the diquark model, while 

three-quark model [12] predictions are too low. The yy— pp spectra can be used to fit 
the parameters of the handbag model, and hence make predictions for the cross sections 
of all other baryon octet members [14] . using one additional parameter p - a ratio of 
form factors of the proton. They agree with the AA and EE measurement by CLEO and 
L3 [d, see figure[It),[I]l). One notes that for Wyy below 2.6 GeV there are experimental 
discrepancies between the BELLE and CLEO experiments for the ppUj^) and between 
the L3 and CLEO experiments for the AA[Tt) final states, which should be resolved. 



yy^pp 



The L3 experiment measured yy^ p p and yy^ P P processes [17]. A simple 
partial wave analysis was performed on the 4-pion final states, including only pp partial 
waves plus a 4 tt isotropic background, fitting the data separately for each W bin. The 
only contributing waves have a 7^,7z of 0+ and 2+,2 as shown in figure |21 From this 
result one would conclude, that the isospin ratio of the pp cross sections is incompatible 
with either 1=0 or 1=1 . 

The L3 experiment also analyzed the two-photon production of p^p" in the single 
tagged mode at = 89-209 GeV [17], which allow a test of the qq, gg meson-pair 
mechanism. The p^p^ signal was separated from the p^n^n^ and An backgrounds with 
the box method. Figure 121:) shows the Y*Y differential cross section as a function of Q^, 
which agrees well with the generalized vector dominance model. 



Single Tagged 7*y ti^ti" 

In tagged two-photon decays the process Y*y — > nn in the region of large but 
small W factorizes into a perturbatively calculable part dominated by short distance 
scattering [Qj: 7*y — > qq or, Y*y — gg and non perturbative matrix elements measuring 
the transitions qq nn and qq gg, called generalized distribution amplitudes lll^ . 
CLEO has a preliminary measurement of the 7*y ^ k'^'kP cross sections for different 
and W bins shown in figure |211). 




p, [GeV] Wyy [GeV/c^] W„ [GbV] 

FIGURE 1. L3 experiment: Inclusive (a) and single jet production (b) cross section. Exclusive 
yy ^ AA (c) and yy ^ EE (d) cross section and comparison with handbag and diquark models. 
BELLE experiment: Exclusive yy pp cross section (e) and comparison with diquark model. 




FIGURE 2. L3 experiment: cross section of contributing partial waves to untagged yy p p (a) and 

yy^ P^p^ (b) decays. Single tagged 7*7 —> p^p** cross section (c). 

CLEO experiment: Single tagged 7*7^ 71*^71" cross section compared to Y*y ^ (d). 



yy^ri(1440) 

Until recently ri(1440) has only been seen in gluon rich environments such as pp 
annihilation or J/\|/ decay. Although quenched lattice calculations indicate a mass of the 
glueball around 2GeV, some glueball content of the ri(1440) can presently not be 
excluded. The L3 experiment reported a first observation of the ri(1440) in two-photon 
collisions 1 18] with a rYy(ri 1440) •57?(ri 1440 —>ifii^+7r^) =49 ± 12 eV. Since two-photon 
partial width of glueballs should be very small, this would indicate that the ri(1440) is 
mostly not a glueball. 

CLEO has analyzed 13.8fb^^ of data collected around the T(4S) energies and 
searched for yy^ ri(1440) KsK^lf^ decays [19]. There is no ri(1440) resonance 
observed and an upper limit for the two-photon partial width of 14.4 eV is obtained. 
This result, which includes all systematic errors, is 2.9 a below the L3 result. Figure|3^) 
shows the CLEO data with the fit result and overlayed the signal (line) with errors 
(dashed), as expected from the L3 result. 




FIGURE 3. CLEO experiment: Search for yy ^ T] (1440) (rj (1440) K,K% (a), the expected L3 signal 
(line) with errors (dashed) is superimposed. Observation of T]^ decaying to KsKii final state for CLEO II 
(b) and CLEO III (c) data sets. 



ri^ OBSERVATION 



The total existing experimental knowledge of the hyperfine splitting in any meson 
system is the AM = M(J/\|/)-M(ric) = 1 17 ± 2 MeV. The measurement of AM = M(\|/')- 
M(ri'.) is important for the understanding of the spin-spin interaction in the confinement 
region. Theoretical predictions based on potential model calculations are M(ri'.) ~ 3594- 
3629 MeV, with a two-photon partial width ratio of rYy(ri^.) /rYy(ric.) ~ 0.7. A Crystal 
Ball measurement ^2Xh at 3594 it 5 MeV could not be confirmed by other searches iElill . 
Recently the BELLE experiment published an T]'. observation in B K{KsK^n^) ll22ll 
with a mass of 3654±6±8 MeV and a significance of more than 6o. The BELLE 
experiment also observed a T]'. signal in the mode e+e^ J/\\f{X) ll23ll with a mass 
of 3622±12 MeV and a significance of 3.4a. The BABAR experiment has presented a 
preliminary r\[. signal [24] in two-photon decays with a mass of 3633±5±1.8 MeV. 

The CLEO experiment has analyzed 13.9fb^ taken with the CLEO II detector 
see figure 135) and finds a signal at a mass of 3642.7±4.0 MeV with a significance of 
4a, a significance which assumes the mass or width of the resonance not to be known. 
CLEO confirmed this observation using 9.2fb^ of data from the CLEOIII detector [2^> 
see figure|3t), finding a mass of 3642.5±3.4 MeV (no systematic error included) and a 

significance of 5.7a. The ratio ^^j^^j^gj^^^g^j = 0.17 ±0.06 (CLEO II) 0.29 ±0.09 
(CLEO III), with statistical errors only. All results are preliminary. 
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